Background Studies suggest that mesenchymal chondrosarcoma is associated with a poorer prognosis and a higher proportion of extraskeletal tumors than conventional chondrosarcoma. However, these investigations have been small heterogeneous cohorts, limiting analysis of prognostic factors. Questions/purposes (1) What is the 5-and 10-year survival rate of patients diagnosed with mesenchymal chondrosarcoma? (2) What is the effect of demographic and tumor characteristics on survival in patients with mesenchymal chondrosarcoma? Methods The Surveillance, Epidemiology, and End Results (SEER) database was used to identify all patients diagnosed with mesenchymal chondrosarcoma from 1973 to 2011. SEER reports survival data on over 8.2 million patients with cancer and has attained 98% completeness in reporting. Using variables within the database, this study designated each patient's tumor as skeletal or extraskeletal and cranial, axial, or appendicular, respectively. Overall survival (OS) was determined for the entire series as well as each group. Median survival was calculated using KaplanMeier methods. Cox proportional hazards regression was used to determine whether demographic and tumor variables affected survival. Two hundred five patients with mesenchymal chondrosarcoma were identified, including 82 (40%) skeletal and 123 (60%) extraskeletal. Results OS for the entire series was 51% (95% confidence interval [CI], 43%-58%) and 43% (95% CI, 35%-51%) at 5 and 10 years, respectively. No difference in OS was detected between extraskeletal and skeletal tumors. KaplanMeier analyses showed OS was worse for tumors in axial locations compared with appendicular and cranial locations. Appendicular tumors demonstrated an OS of 50% (95% CI, 36%-63%) at 5 years and 39% (95% CI, 26%-52%) at 10 years. OS for axial tumors was 37% (95% CI, 25%-49%) and 31% (95% CI, 20%-43%), whereas it was 74% (95% CI, 59%-84%) and 67% (95% CI, 50%-79%) for cranial tumors at 5 and 10 years, respectively. When controlling for age, sex, tumor origin, and tumor location, the presence of metastasis (hazard ratio [HR], 12.38; 95% CI, 5.75-26.65; p \ 0.001) and 1-cm size increase (HR, 1.16; 95% CI, 1.09-1.23; p \ 0.001) were both independently associated with an increased risk of death. Tumor location showed different behaviors depending on patient age. In comparison to cranial tumors at age 20 years, the HR was 5.56 (95% CI, 1.47-21.05; p = 0.01) for axial tumors and 6.26 (95% CI, 1.54-25.42; p = 0.01) for appendicular tumors. At age 60 years, those ratios were 0.10 (95% CI, 0.02-0.55; p = 0.01) and 0.14 (95% CI, 0.04-0.58; p = 0.01), respectively. Conclusions Our data suggest that extraskeletal tumors are more common than previously reported; however, this factor does not have clear prognostic value. Presence of metastatic disease and increased tumor size are the main Each author certifies that he or she, or a member of his or her immediate family, has no funding or commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc.) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research1 editors and board members are on file with the publication and can be viewed on request. This work was performed at
Introduction
Mesenchymal chondrosarcoma is a rare malignancy that represents 2% to 9% of all chondrosarcomas [17] . It arises most commonly in the second and third decades of life [1, 3, 8, 14] . It has been associated with late recurrence and metastasis with reports of tumors recurring over 20 years from initiation of primary treatment. In comparison to conventional chondrosarcoma, which has a 10-year overall survival rate of 60% to 70% [6, 7, 9] , the mesenchymal subtype is believed to portend a worse prognosis [2, 14, 17] . The 10-year survivorship of mesenchymal chondrosarcoma has been previously reported as ranging from 20% to 67% [3, 8, 11, 14, 15, 17, 18, 21] with cohorts comprised of head and neck tumors or of pediatric patients representing the upper end of this spectrum [4, 16, 23] . The disease recently was reported to have a median event-free survival of 57 months [25] . Additionally when compared with the \ 1% occurrence of extraskeletal classic chondrosarcoma, mesenchymal chondrosarcoma is thought to have a higher proportion of tumors arising in extraskeletal locations [4, 15] . Extraskeletal mesenchymal chondrosarcoma has been reported to occur in 14% to 73% of patients [4, 8, 14, 15] with the largest series reporting that 39% had extraskeletal tumors [18] .
However, as a result of small heterogeneous cohorts previously reported on this rare disease, it has been difficult to achieve a consensus regarding patient and tumor characteristics that affect prognosis. Tumor grade, extent of surgical margins, and the presence of distant disease have all been associated with worse outcomes in conventional chondrosarcoma [9] . However, analysis of the effects of these variables on the prognosis of mesenchymal chondrosarcoma has been limited, and differences in survival between skeletal and extraskeletal mesenchymal chondrosarcoma have not been well defined [2, 8, 11] . Identification of the prognostic implications of disease location has not been completed. Although cranial origin has been associated with a more favorable prognosis, little information is available regarding survival when considering only tumors in axial or appendicular locations [8, 15, 16, 23] .
In designing this investigation, we therefore asked: (1) What is the 5-and 10-year survival rate of patients diagnosed with mesenchymal chondrosarcoma? (2) What is the effect of demographic and tumor characteristics such as skeletal origin (skeletal or extraskeletal), primary location of disease (cranial, axial, or appendicular), distant metastasis, tumor size, American Joint Committee on Cancer (AJCC) stage [5] , grade, age, and gender on survival in patients with mesenchymal chondrosarcoma?
Materials and Methods
This investigation was designed as a retrospective review of mesenchymal chondrosarcoma using the Surveillance, Epidemiology, and End Results (SEER) database. SEER reports incidence, population, and survival data on over 8.2 million patients with cancer collected from 18 registries across the nation from the years 1973 to 2011 [19] . For each individual patient with cancer, data are collected regarding demographics, cancer characteristics, and behavior at the time of diagnosis; treatment within 4 months of diagnosis; and patient survival and cause of death, if applicable [10, 19, 21] .
As a result of the National Cancer Act of 1971, SEER was founded as an instrument to collect and analyze cancer data in efforts to better understand the incidence, prevalence, and response to treatment of cancer and its subtypes in the United States [10, 24] . The database began as a small group of regional and statewide registries that now includes 18 registries across the country, which in 2010 collectively accounted for 28% of the US population. Each registry accounts for roughly 100,000 to 21 million individuals with a median population served among all 18 sites of approximately 3.6 million people [19] .
Within its geographic area, a registry procures all cancer data on its regional residents from providers, hospitals, and other health services and provides this information to the National Cancer Institute to be included in the database. According to SEER, inclusion of specific registries was based on their generalizable population demographics and ability to maintain high standards in cancer reporting. Age and sex characteristics of the SEER population are comparable to that of the United States; however, SEER data may account for a more urban and affluent population in comparison to the United States as a whole [20, 24] .
SEER data are considered robust and valid [10, 12, 13, 19, 24] . There is 98% completeness in reporting patients with cancer within 22 months of diagnosis across all cancer sites, and annual audits of subsamples of data are issued to evaluate and monitor accuracy [12, 24] . Survival followup is pursued by active and passive methods by each registry for all patients. Although SEER requires that cancer registries must meet or exceed a 95% successful followup rate, this rate was found to approach 99% on review of data from 1975 to 2012 [13] . This suggests that even if a patient continues treatment at a location outside the region of a registry, there is still high reporting of survival followup. As a result of the rarity of mesenchymal chondrosarcoma and its poor prognosis suggested in previous works, SEER patients of all followup durations were deemed valuable to include in the present study.
The November 2013 release of the SEER data was used to identify all patients diagnosed with mesenchymal chondrosarcoma from 1973 to 2011. Demographic variables for all patients were recorded including age at diagnosis, year of diagnosis, sex, race, and geographic region. Tumor characteristics were extracted from available modifiers and recorded including location, presence of metastatic disease at diagnosis, histological grade, AJCC stage, tumor size (maximal dimension in millimeters), current status (no evidence of disease, alive with disease, died of disease, died of other causes), and length of followup or survival (in months).
As a result of omissions in reporting, data regarding metastasis, grade, AJCC stage, and size were not available for 19 (9%), 119 (58%), 148 (72%), and 87 (42%) of the 205 patients observed in this study, respectively.
Because the SEER database does not specifically identify skeletal or extraskeletal origin, the ''primary site-labeled'' variable in SEER was used to categorize skeletal or extraskeletal origin and cranial, axial, or appendicular tumor location. Each observation was reviewed and categorized by each author independently. Classification was not difficult, because most ''primary site'' designations clearly referred to either a bony or soft tissue site of origin. When these data were difficult to interpret (10 cases, \ 5% of the data set), categorization occurred after discussion and consensus between authors as to the meaning of the reported data.
Statistical Analysis
Overall (OS) and disease-specific survival (DSS) was determined for the entire series as well as by tumor site and locations (skeletal, extraskeletal, axial, cranial, and appendicular).
Median, 5-year, and 10-year survival were each calculated using Kaplan-Meier methods (eg, log-rank tests) with Sidak corrections used for post hoc comparisons. Survival was defined as the time from initial diagnosis to the time of patient death or the last date of followup. Cox proportional hazards regression was used to determine whether demographic and tumor characteristic variables affected survival. Specifically, age, sex, skeletal or extraskeletal origin, tumor size, metastatic disease, and axial cranial or appendicular location were examined as well as all two-way interactions. The final model was chosen based on the Akaike Information Criterion and met proportional hazards assumptions. Statistical significance was assessed at a B 0.05 and SAS Version 9.4 (SAS Institute, Cary, NC, USA) was used for all analyses.
Two hundred seven individuals with mesenchymal chondrosarcoma were identified in the SEER database, and two were excluded as a result of incomplete data regarding site of origin, resulting in 205 patients for analysis. There were 114 (56%) men and 91 (44%) women. Exact tumor location was not documented in six patients, all of which were of skeletal origin. The mean age of all 205 patients was 37 years (SD = 20) with 44% of these patients in their second or third decades of life at the time of diagnosis. Of 205 patients reviewed, 82 (40%) presented with a skeletal tumor, and 123 (60%) presented with an extraskeletal tumor. Univariable Cox proportional hazards models of grade (N = 78) and AJCC stage (N = 51) suggest no association between grade and OS (p = 0.76); however, an increased hazard of death was identified for more advanced stages of tumors (p \0.001). Specifically, the risk of dying for individuals with Stage IV tumors is 9.01 times greater than those with Stage I tumors (95% CI, 1.18-68.87; p = 0.03). As a result of small sample sizes, neither variable was considered for multivariable analysis.
As a result of missing data (primarily tumor size), 104 patients were retained for multivariable analyses.
Survival across all individuals ranged from 0 to 240 months. Mean followup was 129 months (SD 8 months). Survival outcomes were available for all patients within this data set at the time of data collection.
Results

Survivorship of Patients With Mesenchymal Chondrosarcoma
Overall survival for the entire series was 51% (95% confidence interval [CI], 43%-58%) and 43% (95% CI, 35%-51%) at 5 and 10 years, respectively ( Fig. 1 ; Table 1 ). The median OS was 64 months (95% CI, 40-122 months). The median DSS was 68 months (95% CI, 60-76 months).
Factors Associated With Survivorship
No difference was detected in 10-year OS by skeletal (41%; 95% CI, 29%-53%) or extraskeletal origin (44%; 95% CI, 31%-52%) ( Table 1) . When controlling for patient age, gender, anatomic location, tumor size, and presence of metastasis, there was no difference with the numbers available ( Table 2) .
Five-year survival, 10-year survival, and median survival were lower in axial locations (37%, 95% CI, 25%-49%; 31%, 95% CI, 20%-43%; 30 months, 95% CI, 20-59 * Probability values represent Kaplan-Meier log-rank tests for differences in survival by location and site; CI = confidence interval. Age*location --\0.001
* Variables found significant in univariable log-rank test were included; reference levels include gender = female; site = extraskeletal; and location = appendicular; appropriate hazard ratios for the age*location interaction are specified in Table 3 ; main effects of variables included in the interaction are not interpretable and therefore not provided; CI = confidence interval. months, respectively) compared with cranial (74%, 95% CI, 59%-84%; 67%, 95% CI, 50%-79%; 161 months, 95% CI, 122-infinity, respectively); however, no differences in 5-year or 10-year survival were detected when comparing axial with appendicular or appendicular with cranial disease (Table 1) . When controlling for gender, tissue type, size, and metastasis, the association between OS and disease location differed by age (Tables 2, 3 ). Although having a better prognosis in younger patients, cranial tumors were noted to carry a graver prognosis in older patients (Table 3) . At age 20 years, the hazard of dying from axial and appendicular tumors was 5.56 (95% CI, 1.47-21.05; p = 0.01) and 6.26 (95% CI, 1.54-25.42; p = 0.01) that of cranial tumors. However, by age 60 years, the hazard was 0.1 (95% CI, 0.02-0.55; p = 0.01) and 0.14 (95% CI, 0.04-0.58; p = 0.01) for axial and appendicular tumors compared with cranial tumors, respectively, after controlling for gender, tissue type, size, and metastasis. After controlling for age, gender, extraskeletal/skeletal site, and anatomic location (using multivariable analysis), both metastasis (hazard ratio [HR], 12.38; 95% CI, 5.75-26.65; p \ 0.001) and a 1 cm increase in tumor size (HR, 1.16; 95% CI, 1.09-1.23; p \ 0.001) were found to be independent predictors of death from disease ( Table 2) .
Discussion
Although general trends and features of the clinical behavior of mesenchymal chondrosarcoma have been suggested in prior studies [1, 14, 15, 17, 18] , no large series have been available to verify these descriptions as a result of the rarity of this disease. To date, the largest study on mesenchymal chondrosarcoma was performed by Nakashima et al. [18] , which presented 111 new patients with mesenchymal chondrosarcoma and reviewed 132 previously reported patients. However, that investigation included survival analysis for only 23 patients and contained limited subgroup analysis. The wide range of tumor and patient characteristics within the small cohorts precludes meaningful survival analysis. We found that mesenchymal chondrosarcoma accounted for 4% of the 5110 patients with chondrosarcoma within the SEER database, which is consistent with the 2% to 9% reported in prior studies [1, 14, 18] . The 5-and 10-year OS in this series was 51% and 43%, respectively. We found that 60% of all tumors occurred in extraskeletal locations. Survival did not differ between extraskeletal and skeletal locations; however, it varied substantially by anatomic location with 5-year overall survival rates of 74% for cranial, 50% appendicular, and 37% for axial tumor locations.
This study had a number of limitations, most of which are largely attributable to constraints inherent to a database analysis. First, mesenchymal chondrosarcoma is an extremely rare disease and difficult to diagnose. In completing this investigation we had to assume that the histologic diagnosis was accurate. It is possible that other neoplastic processes with a predilection for soft tissue sites could be responsible for the higher number of soft tissue mesenchymal chondrosarcomas noted in this investigation. Incomplete or inconsistent data on some variables prevented investigation of certain factors that may influence patient survival, namely histologic grade and stage. Additionally, some items of interest were not coded for within SEER. SEER does not include information on patient comorbidities or progression of disease over followup. These limitations limit our ability to state which factors are the most important determinants of prognosis in this disease. Previous investigations into the prognostic factors associated with conventional chondrosarcoma have identified that histologic grade and margin status have been directly related to patient survival [9] . Neither histologic grade nor margin status was uniformly reported in this patient cohort. This represents a substantial limitation within the study because the conclusions regarding the importance of other demographic and tumor variables may be confounded by the unknown effect of the grade and margin status. Information regarding use of chemotherapy is not available within the database and the period of inclusion (1973-2011) includes a period of many years before the use of chemotherapy for treatment of musculoskeletal neoplasms. Although this information would have undoubtedly provided meaningful data to analyze as part of this investigation, it is not felt to be a glaring deficit because the use of chemotherapy for treatment of this disease remains controversial, even by current standards [2, 8] . Nevertheless, it is impossible to make any statement regarding the efficacy of chemotherapy on survival. Although we were able to identify the presence of metastatic disease for the vast majority of the patients in our cohort, we were unable to analyze the timing of metastases or recurrence over the course of followup because these time variables were not coded for within SEER. The absence of documentation on timing of local or distant recurrence is a major limitation because this disease has a documented high rate of late distant and local recurrence [4, 8, 14, 18] . The OS of this disease has varied widely ranging from 20% to 67% [2-4, 8, 11, 14, 16-18, 22, 23] . Recent studies examining mesenchymal chondrosarcoma in pediatric patients or limited to craniofacial sites represent the more favorable end of this spectrum [4, 16, 21, 23] . A study from 2014 of 37 patients by Kawaguchi et al. [15] is the largest survivorship series performed on this disease, reporting 5-year survival of 51% and 10-year survival of 37%. A recent meta-analysis of 107 previously reported patients with mesenchymal chondrosarcoma found an OS at 5 years of 55% and at 10 years of 44% as well as an event-free survival at 10 years of 27% [25] . Our data indicate a similar OS of 51% and 43% at 5 and 10 years, respectively. However, our investigation has identified two critical findings: that extraskeletal tumors are actually more common and that OS varies substantially by patient age and tumor location.
A large variation has been reported with regard to the proportion of patients presenting with extraskeletal mesenchymal chondrosarcoma. It has generally been accepted that skeletal tumors account for the majority of mesenchymal chondrosarcoma diagnoses [8, 18, 25] . In a review of 127 individuals with mesenchymal chondrosarcoma by Huvos et al. [14] , 78% were skeletal in origin. In our analysis, which represents data from across the United States, extraskeletal tumors accounted for 60% of all mesenchymal chondrosarcoma diagnoses, which suggests that extraskeletal mesenchymal chondrosarcoma is more prevalent than previously reported. Few studies have analyzed survival by skeletal and extraskeletal locations. In an analysis of 13 patients with extraskeletal tumors, Hashimoto et al. found a 42.8% survival rate at 10 years [11] , yet in a separate analysis of 26 tumors, Cesari et al. [2] suggested mesenchymal chondrosarcoma of the soft tissues may be a more aggressive disease than its skeletal counterpart with a 10-year survival rate of 0% in such tumors compared with 29% for skeletal tumors. Although the current investigation found extraskeletal tumors to be more common than previously reported, we found no difference in survival between skeletal and extraskeletal tumors. Although the propensity to arise in extraskeletal locations is an interesting feature of mesenchymal chondrosarcoma, it does not appear to carry any prognostic importance.
Survival by anatomic location of chondrosarcoma overall has been examined by Giuffrida et al. [9] ; however, subgroup analysis for mesenchymal chondrosarcoma was not performed. Consistent with previous data, patients with tumors affecting craniofacial sites were found to have a more favorable prognosis [4, 16, 23] . Although this finding may seem counterintuitive, we hypothesize this could be related to easier earlier detection of masses in these locations or potentially a uniformly different biologic behavior of tumors affecting these locations. Additionally, we found an interesting relationship between the relative behavior of the tumors in specific anatomic locations and patient age. In the younger patients, the cranial tumors were found to have a markedly improved prognosis compared with axial and appendicular tumor locations. We found that as we monitored the HR for death, this gradually shifted to a markedly worse prognosis in older patients. This finding deserves further exploration to determine what drives this change in clinical behavior. Although mesenchymal chondrosarcoma tumors involving craniofacial sites have been associated with a more favorable prognosis, previous reports of survival did not uniformly exclude this subgroup from analysis [4, 8, 16, 23, 25] . As a result, the previous understanding of survival in mesenchymal chondrosarcoma may have demonstrated a bias toward an overly optimistic prognosis in noncranial tumors.
Despite the interesting findings related to the increased incidence of extraskeletal tumors and the survival as it relates to location of tumor and patient age, it should be noted that the presence of metastatic disease and the size of the tumor dominated the model as the main predictors of patient mortality. Although metastatic disease [2, 8] has been previously reported as an important predictor of OS, little attention has been given to the role of tumor size. This finding is not necessarily surprising because increased tumor size is likely a representation of a more biologically active neoplasm.
The prognosis of mesenchymal chondrosarcoma is worse in comparison to classical chondrosarcoma variants; however, it seems not to be as dismal as suggested by some previous studies [1, 2, 8] . Extraskeletal tumors were found to be more common than in earlier reports, but the lack of difference in survival between extraskeletal and skeletal tumors suggests this factor has little prognostic importance. The presence of metastatic disease and increased tumor size are clear predictors of a worse OS. Cranial tumors demonstrated a change in clinical behavior between young and old patients with a relatively good prognosis in the young population and an increased likelihood of mortality in older patients. Although this study cannot definitively determine whether the differences in OS of mesenchymal chondrosarcoma are the result of certain tumor characteristics, disparities in treatment, or other factors, it does suggest prognosis for each patient with the disease might be more appropriately evaluated in relation to the patient's age and disease location. Future research should be focused on developing substantial patient populations with careful attention to disease location to examine the effects of these factors on survival.
